Introduction
Social life cycle assessment (SLCA) is getting increasing attention in the life cycle assessment (LCA) community. The main idea behind SLCA is to assess social impacts of products or services in a similar manner as environmental impacts are assessed in conventional, environmental LCA (ELCA). Together with life cycle costing (LCC), ELCA and SLCA are sometimes combined to form the overarching method of life cycle sustainability assessment (LCSA) ). The term SLCA was first used by O'Brien et al. (1996) and was there described as complementary to ELCA. Norris (2006) discussed the scope of SLCA, focusing mainly on human health impacts. Weidema (2006) discussed the potential of quality-adjusted life years (QALYs) as social indicator in SLCA. Dreyer et al. (2006) also discussed the scope of SLCA, suggesting an increased focus on companies' conducts rather than on production processes and material flows. Jørgensen et al. (2008) reviewed the SLCA literature at that time, concluding that there was a considerable variation in suggested approaches. Parent et al. (2010) also conducted a review of existing SLCA approaches, again concluding that a considerable difference among the approaches existed at that time. In 2009, a group of researchers organized in the life cycle initiative of the United Nation Environment Programme (UNEP) and the Society for Environmental Toxicology and Chemistry (SETAC) published a report presenting guidelines for SLCA (Benoît et al. 2009 ). This publication is hereafter referred to as the UNEP/SETAC guidelines. In 2011, methodological sheets were published as a supplementary document for public consultation (Benoit-Norris et al. 2011) . The document was updated according to feedback, is available online as a pre-publication version (Benoît Norris et al. 2013) and is hereafter referred to as the methodological sheets. A number of LCA case studies have since then been conducted, some
Responsible editor: Marzia Traverso that claim to follow the UNEP/SETAC guidelines, and some that do not (Table 1 ). The methodological variations that can be found in these case studies suggest the need for further methodological discussions in the SLCA field. This need was also identified in the UNEP/SETAC guidelines, in which elaboration of social indicators was one specifically identified area for future research. It is this research need to which this study aims to contribute.
An important feature of impact assessment in ELCA is its foundation in the natural sciences as described by, for example, Hauschild and Wenzel (1998) . Environmental impacts such as global warming, acidification, eutrophication, ozone depletion and energy use can be found in almost any basic environmental science textbook; see for example Miller and Spoolman (2013) . Environmental indicators such as the life cycle global warming potential of a product can thus be said to rest on a natural science foundation. It is widely acknowledged that indicators should rest on a scientific basis, and this applies for sustainability (Meadows 1998; Rametsteiner et al. 2011) , ecological (Niemeijer and de Groot 2008) and social (Noll 2002) indicators. In line with this, Dahl (2012) writes that sustainability indicators convey scientific information and that the scientific underpinning of such indicators should be strengthened. The suggested subcategories in the UNEP/SETAC guidelines and specific social indicators suggested in the methodological sheets are adopted from political standards and documents published by international organizations, such as the United Nations (UN), the Global Reporting Initiative (GRI), the Organisation for Economic Co-operation and Development (OECD) and the International Labour Organization (ILO). This implies an agreement of the UNEP/ SETAC guidelines and the methodological sheets with such political documents. It also implies that the UNEP/SETAC guidelines' subcategories and indicators are mainly based on political consensus. However, a scientific evaluation of suggested subcategories and subsequent indicators is not available in the UNEP/SETAC guidelines, nor in the methodological sheets.
In a previous article, some of us pointed out that some social topics recommended and applied in the SLCA field could be interpreted differently depending on cultural background and on political, ethical and ideological views (Baumann et al. 2013) . In this article, our aim is to further motivate that claim and deepen the analysis by investigating the scientific justification of three social topics suggested in the UNEP/SETAC guidelines: working hours, child labour and property rights. In order to meet our aim, we performed a review of the scientific literature for the three topics. In Sect. 2, the method of the literature review is presented. This Table 1 Overview of conducted SLCA case studies with regards to whether they claim to follow the UNEP/SETAC guidelines, and whether they include any if the social topics of working hours, child labour and property rights
Study
Product studied Claims to follow UNEP/SETAC guidelines Include any of the three social topics studied Baumann et al. (2013) is followed by Sects. 3-5, with results presented for working hours, child labour and property rights, respectively. The implications of the results are discussed in each section. In Sect. 6, recommendations for future SLCA studies and method development are provided. Before proceeding, a note on terminology may be relevant. The UNEP/SETAC guidelines use the term stakeholder category to denote the social entities that can be impacted by product life cycles. These are workers, consumers, local community, society and value chain actors. They further use the term subcategory to denote ways by which the stakeholder categories can be impacted. Among those subcategories are the three topics investigated in this article, that is working hours, child labour and property rights. A subcategory thus specifies an area of interest for a specific stakeholder category. They further use the term inventory indicator to denote specific operationalizations of subcategories. This could be, for example, hours of work per person and week for the subcategory working hours. We prefer the term social topic to denote working hours, child labour and property rights. This is because the term subcategory is not, to our knowledge, used anywhere outside the SLCA field, and our three reviews in this article cover several other scientific fields. We mean the term topic to denote ways by which social entities can be impacted and for which more specific indicators can be derived, and we only use the term subcategory in connection to the UNEP/SETAC guidelines. By the term indicator, we mean an operationalization of a topic, which is in line with the use of the term indicator in the UNEP/SETAC guidelines. It is also in line with the definition that an indicator is a system variable or parameter of particular interest or importance that are used in order to guide societal action (Gallopín 1996) . This is also in agreement with the definition provided by Frønes (2007) , who defines indicators as signs of social concern and also acknowledges that indicators can focus on positive social aspects rather than on concerns only. For the case of working hours, for example, we would thus say that working hours is the social topic, and hours of work per person and day, or hours per functional unit, is an example of a social indicator for the topic.
Methods

Literature selection
This study comprises three topical literature reviews. The topics reviewed are working hours, child labour, and property rights. These three were selected among the numerous social topics described in the SLCA literature and in the UNEP/ SETAC guidelines in particular for a number of reasons. Most importantly, the three topics have been applied in several SLCA case studies (Table 1) . Working hours is the most frequently applied social topic and is even the only topic applied in one case study (Hunkeler 2006) . Child labour is frequently used as example in the main text of the UNEP/ SETAC guidelines. In addition, the current use of child labour as topic for assessment in SLCA has been discussed and criticized (Clift et al. 2013; Jørgensen et al. 2010) , which makes it interesting to investigate further. Property rights is included because it is a social topic which is less related to the production system and to the work required in order to produce a product compared to working hours and child labour. The studied set thus contains topics which are frequently used in SLCA case studies, discussed within the SLCA field, and inherently different.
For each of the topics, we begin by reviewing how they have been discussed in the SLCA literature, primarily in the conducted case studies in Table 1 and in the UNEP/SETAC guidelines. In particular, we outline whether the three topics were considered to be beneficial or adverse in these studies.
Then, we conduct a review of the non-SLCA scientific literature. This scientific literature was obtained through searches on "working hours", "child labour OR child labor" and "property rights" in the web-based scientific database Science Direct (http://www.sciencedirect.com/). This search revealed large bodies of research, with about 20,000 publications on working hours, about 3,000 publications on child labour, and almost 26,000 publications on property rights. From that, we considered the first 1000 hits for each topic, in the order they appeared according to relevance in the database. From these 1000 publications, studies that were considered to be of high relevance based on the content of their titles were selected. High relevance here means that the publication seemed to make some clear statement regarding beneficial or adverse societal impacts from working hours, child labour or property rights. The articles were then subject to further relevance scrutiny by consideration of their abstracts and main text. In the end, only tens of articles clearly positioning any of the three topics as socially beneficial or adverse were identified. Although these reviews are not exhaustive, they provide an overview of the three topics.
In addition to the SLCA literature and the hits from Sciencedirect, we also included two other publications of high relevance for the topic of child labour. The first is the article about child labour by Nieuwenhuys (1996) . The second is a study of the cocoa product chain by Borg and Selmer (2012) , in which views on child labour by local Africans are reported.
Content analysis
The selected publications from the literature search were analysed through content analysis, searching for attributions of positive and negative societal values to any of the three topics in a similar way as was also done by and . If any of the three topics were reported to cause or facilitate x, where x is something socially desirable, the topic was regarded as socially beneficial with regards to x. Contrary, if any of the three topics were reported to prevent or obstruct x, where x is something socially desirable, the topic was regarded as socially adverse with regards to x. In addition, if any of the three topics were reported to cause or facilitate y, where y is something socially unwanted, the topic was regarded as socially adverse with regards to y. And, finally, if any of the three topics were reported to prevent or obstruct y, where y is something socially unwanted, the topic was regarded as socially beneficial with regards to y. Note that the classification of something that the topics contribute to as socially desirable or unwanted was not done by the authors of this article but deduced from the writing of the reviewed studies. We did no deductions between adverse values caused and beneficial values obstructed, or between beneficial values caused and adverse values obstructed. This means that we did not assume that because a topic caused a beneficial value (e.g. happiness), it also obstructed the opposite, adverse value. This was done since we wanted to present the literature review results as unbiased as possible, and since it was in many cases difficult to tell the exact opposite of both adverse and beneficial values.
For the case of working hours, some of the literature was all about specific health care professions, such as surgeons and nurses, and about their specific working situations. While societal impacts from working hours for such professions are interesting, we decided to exclude that type of very profession-specific literature since the SLCA literature does not focus on specific professions but rather considers working hours in general.
Findings are presented qualitatively since this communicates the diversity and nuances of the findings better than quantitative presentations. Table 2 summarizes the findings, showing beneficial and adverse social values that are facilitated or obstructed by reductions and increases of working hours, child labour and property rights.
Working hours
Working hours in the SLCA literature
Working hours is the time spent on paid labour. It is the only social topic considered in the first SLCA case study, conducted by Hunkeler (2006) . He calculated the geographical distribution of working hours for two detergents. It can be deduced from the writing that Hunkeler (2006) means it to be beneficial for a country to have many working hours. Working hours are reported to constitute a means to, and even a potential proxy indicator for, welfare aspects such as housing and health care.
Using the same approach, Bouzid and Padilla (2014) calculated the working time per functional unit for tomatoes.
Working hours is also included as a subcategory in the UNEP/SETAC guidelines and is further specified in the methodological sheets as "excessive hours of work" for the stakeholder category worker. Ekener-Petersen and Finnveden (2013) wrote that working hours emerged as an important topic from interviews with stakeholder groups but did not write whether the stakeholders wanted more or fewer working hours. Franze and Ciroth (2011) quantified the (adult) working hours to be 72-84 h/week and worker for roses grown in Ecuador, and 38 h/week and worker for roses grown in the Netherlands. They further classified the working hours in Ecuador to have a "very negative effect", and the working hours in the Netherlands to have an "indifferent effect" for the stakeholder workers. It thus seems clear that they considered many working hours to be adverse. A clear statement regarding reference point was reported by Ciroth and Franze (2011) to be 8 h per day and 48 h per week, which is based on the methodological sheets. The methodological sheets in turn refer to a discussion paper from an expert meeting on the measurement of decent work by the International Labour Organization (2008). Manik et al. (2013) used the term "decent working hours", indicating that the working hours should not be too many. What the term "decent" refers to is not clarified but may again refer to the document by the International Labour Organization (2008). Martínez-Blanco et al. (2014) provided information on working hours in two different ways. They aggregated the working hours needed per functional unit as in the same way as Hunkeler (2006) . Then, they used that as a basis to calculate the occurrence of occupational lethal and non-lethal accidents. They also used information on working hours per person and week from the so-called Social Hotspot Database and included that in a separate evaluation of social risks. Social risk was then defined as more than 48 h per person and week, same as by Ciroth and Franze (2011) .
Employment, and its opposite unemployment, is a topic much interlinked with working hours. "Local employment" is a subcategory suggested in the UNEP/SETAC guidelines for the stakeholder category local community. This topic is included in the studies by Ciroth and Franze (2011) , EkenerPetersen and Finnveden (2013), Ciroth (2011), Hosseinijou et al. (2014) and Weldegiorgis and Franks (2014) . Employment is also mentioned as important for human well-being by Norris (2006) and Musaazi et al. (2014) .
Working hours in other scientific literature
In the non-SLCA scientific literature, several studies investigated the relationship between working hours, happiness and health. Knabe and Rätzel (2010) investigated the influence of working hours on happiness in Germany. They found it to be Poverty an inverse U shape. When increased from a low level, additional working hours increase happiness, possibly due to higher status and more social contacts. Additional working hours did, however, affect happiness negatively. Several other studies also reported that working hours and ill health typically follow an inverse U-shaped relationship and that excessive working hours can cause health problems (Newcombe 2007) . Reduced health can thus be caused by both increased and reduced working hours. Accordingly, increased health can be obtained by both increasing and reducing working hours. The extremes of high working hours, such as workaholism or other types of heavy work investments, are clearly deteriorating for health and personal happiness (Snir and Harpaz 2012) . Wunder and Heineck (2013) wrote about individual preferences regarding working hours, and about working hour mismatches among couples in Germany. They wrote that self-reported well-being is significantly reduced if there is a mismatch between preferred and actual working hours and that this reduction is larger for self-perceived underemployment. This is because underemployment causes losses in money, less development of skills and fewer social interactions. Within couples, both partners tend to get reduced wellbeing if one partner is underemployed. Nabe-Nielsen et al. (2010) wrote that for the case of eldercare workers, a misfit between actual and preferred working hours was associated with dissatisfaction. They also noted that when the work takes place is important. For example, they wrote that night work has been associated with various negative health outcomes, which is in accordance with other authors (Costa 2011) .
A number of authors discussed flexible working hours. Costa and Sartori (2005) wrote that low individual flexibility and variable working hours (that is, flexible from the perspective of the employer) is associated with poor health and well-being. Based on interviews in the computer industry, MacEachen et al. (2008) wrote that flexible working hours may increase the overall work intensity.
The relationship between working hours per person and unemployment has been discussed in several studies. Marimon and Zilibotti (2000) modelled the effect of working hour reductions on unemployment. They found that small reductions in working hours resulted in small reductions in unemployment, whereas larger reduction of working hours resulted in increased unemployment. Sánchez (2013) wrote about the working hour reduction from 48 to 45 h per week implemented in Chile in 2005. He found that this reduction had no effect on unemployment. The model calculations by Altavilla et al. (2005) resulted in a persistent increase in unemployment following a working hour reduction in Germany and the USA. Raposo and van Ours (2010) studied the work hour reduction from 44 to 40 h per week in Portugal and found both positive and negative impacts for workers. The hourly wages increased, keeping monthly wages almost constant, but workers working less than 40 h per week became more likely to become unemployed.
Discussion on working hours
In the SLCA field, there seems to be a fundamental difference between the operationalization of the topic working hours by Hunkeler (2006) on one hand, and the methodological sheets on the other hand. The former quantifies the number of working hours per functional unit, and the latter quantifies the working hours per person and week. While the former seems to focus on that it is beneficial if more working hours per functional unit is located within a region, the latter seems to focus on that more working hours per person and week are socially adverse for the stakeholder worker, at least when it exceeds a threshold level. The topic of local employment suggested in the UNEP/SETAC guidelines is considered beneficial for the stakeholder local community in all SLCA case studies that included this topic.
The non-SLCA scientific literature on working hours and employment seems to suggest a delicate balance between working too much, causing stress and other health problems, and working too little, with the extreme of unemployment and subsequent losses of salary and well-being as result. This balance is individual, and one crucial aspect seems to be the degree of freedom one has to distribute the working hours over time. There also seems to be a complex correlation between working hours and unemployment, with some studies suggesting that reduced working hours increase unemployment, and some studies suggesting the opposite. Since there are studies that point towards a mutual exclusiveness, including both working hours and local employment in SLCA studies without reflecting upon this correlation could lead to "both have your cake and eat it" type of results and conclusion. Working hours and local employment are linked to two different stakeholder categories in the UNEP/SETAC guidelines, namely workers and local community, respectively. However, the non-SLCA scientific publications reviewed here rather suggest that an individual worker is just as adversely affected by unemployment as the local community in general, if not more.
It should be noted that the above cited research on working hours is largely focused on so-called developed countries. There is much less research conducted on working hours in so-called developing countries. In so-called developing countries, where working hours are sometimes higher than in socalled developed countries per person and week, any problems related to increased working hours should be more profound. However, incomes are also typically lower, so any problems from reduced working hours and subsequent loss of income should be more profound as well.
The results from the review of working hours in the non-SLCA scientific literature are summarized in Table 2 .
Depending on the specific situation and on personal preferences, increased working hours can facilitate happiness, higher status, more social contacts and improved health, as well as obstruct dissatisfaction. However, increased working hours can also obstruct happiness, health, and well-being, as well as facilitate workaholism and dissatisfaction. Reduced working hours can facilitate health and increase hourly wages and also obstruct workaholism, dissatisfaction and unemployment. However, reduced working hours can also obstruct health, well-being, money, development of skills and social interactions, and facilitate dissatisfaction and unemployment. Overall, this summary points to a difficulty in applying working hours as a social topic in SLCA due to its ambiguous nature. It can also be concluded that the problem of working too little for the worker is not given much room in the SLCA literature, despite being clearly articulated in the scientific literature.
Child labour
Child labour in the SLCA literature
Child labour is the employment of people under a certain age (Ambadekar et al. 1999) . The definition can also include that the work conducted is mentally, physically, socially or morally dangerous and harmful to children and prevents them from attending school (International Labour Organization and Inter-Parliamentary Union 2002). In the UNEP/SETAC guidelines, it is clear that much child labour is considered to be socially adverse. There is sometimes, however, references to "illegal child labour" rather than just "child labour". It is thus somewhat unclear whether child labour is considered socially adverse only if it does not comply with local laws, or always. Child labour is included as a topic by EkenerPetersen and Finnveden (2013) and Hosseinijou et al. (2014) , but they do not write about how they interpret it. Franze and Ciroth (2011) and Ciroth and Franze (2011) include child labour and describe it as a "negative social effect", thereby clarifying their interpretation. Manik et al. (2013) refer to child labour as a form of "discrimination", which suggests that they consider child labour to be socially adverse. Martínez-Blanco et al. (2014) include the risk of child labour as a social indicator, indicating a negative perception.
There are two publications in the SLCA field that presented different perspectives on child labour. Jørgensen et al. (2010) assessed the validity of the impact pathway proposed for child labour in contemporary SLCA approaches. They concluded that the mere existence of child labour says little about whether there are negative or positive impacts on children and society. Clift et al. (2013) wrote that considering child labour as something that eschews supply chains is valid if the alternative to child labour is education, but not if the alternative is prostitution or enforced military.
Child labour in other scientific literature
There are several records of children suffering from child labour in the non-SLCA scientific literature. Ambadekar et al. (1999) studied child labourers below the age of 15 years in India. They found that the children had significantly lower body mass index (BMI) and delayed genital development compared to non-child labourers of the same age, concluding that labour at young age has a deleterious effect on the growth of children. Bose-O'Reilly et al. (2008) studied children working with small-scale gold mining, sometimes at ages as low as 7 years. They found that these children had typical symptoms of mercury intoxication due to the use of mercury in the smallscale gold mining and concluded that child labour with hazardous substances such as mercury should be stopped. The problems of child labour in small-scale mining, primarily health-related, were further described by Hilson (2008) . Gharaibeh and Hoeman (2003) studied child labour (age below 16 years) in Jordan industry. They found that the interviewed children were poor and dropped out of school to assist their parents financially. They further write that the children were exposed to various health hazards, including inhalation of chemicals and physical injuries, along with physical, verbal and sexual abuse. Mehta et al. (1985) studied child labour in Bombay, India, finding that many children were malnourished and worked more than 12 h per day. Öncü et al. (2013) describe various forms of abuse of children (age below 18 years) working in factories in Turkey. These abuses included physical, emotional and sexual abuse, and these abuses happened more frequently for children than for other workers. Rojas et al. (2010) reported on several healthand comfort-related problems of child labourers (age 12-17 years) in Venezuela, including headache, stress, fatigue, feet ache, leg ache, shoulder ache, heat discomfort, noise and repetitive work. Wolff and Maliki (2008) reported on adverse health impacts for child labourers (age 10-15 years) in Indonesia.
There are also studies highlighting socially beneficial aspects of child labour. Dessy and Pallage (2005) divided child labour into "worst" and "other" forms. The other, non-worst forms are labour that help to build the child's "character" in terms of punctuality, discipline and other valued social qualities. They listed some typical child labour in so-called developed countries to illustrate this, such as newspaper delivery, babysitting and part-time farm work. The worst forms are labour which is clearly harmful for the child. They proceeded by arguing that economic research suggests that prohibiting or reducing harmful child labour does not have positive social impacts. They wrote that the reason for this is that poverty has been proven to be the cause of child labour, and poverty implies that any extra income is highly needed. Therefore, they concluded, reducing or prohibiting child labour without some mitigation to cover for lost income would be socially undesirable.
This perspective has support from other studies as well. Based on an economic model, Ranjan (1999) wrote that poverty is the cause of child labour in so-called developing countries. He further showed that banning child labour can reduce the welfare of households in so-called developing countries, thereby preventing any ambitions to send children to school. Similarly, Basu and Zarghamee (2009) wrote that based on their economic analysis, a boycott of products produced by child labour may very well cause increased rather than reduced total child labour. The study by Mehta et al. (1985) that reported on child labour in Bombay, India, also wrote that preventing the children from working would probably worsen the conditions of both the children and their families unless some alternative source of income was introduced. Borg and Selmer (2012) interviewed a number of actors along the cocoa production chain, who gave differing views on child labour. Some representatives from a larger company considered child labour to be a considerable sustainability challenge, but farmers and other local groups situated in Ghana did not consider it to be a challenge. Nieuwenhuys (1996) wrote that the connotation of child labour as being adverse lowers the perceived value of their work. In the long run, she wrote, this increases their vulnerability on the labour market and excludes them from the production of value, thereby further reinforcing their vulnerability.
Discussion on child labour
It seems clear that a high amount of child labour is considered an adverse social impact in most SLCA literature, with no distinction being made between different forms of child labour. Only the studies by Jørgensen et al. (2010) and Clift et al. (2013) described that child labour can be beneficial in some cases, or at least more beneficial than the alternative. There are also a number of examples of harmful child labour in the non-SLCA scientific literature. Indeed, reading such records would cause concern in most readers. However, the non-SLCA scientific literature on child labour also suggests that child labour differs in terms of harmfulness to children. Some forms of child labour may even be considered beneficial in terms of building character, providing income and empowering the children. It also seems that reduced child labour could cause increased poverty. Table 2 summarizes the results from the review of the non-SLCA scientific literature on child labour. According to some studies, child labour may facilitate building of character, punctuality and discipline and provides an income. Some studies also report that it obstructs poverty. However, according to other studies, increased child labour also facilitates abuse, injuries and many types of health problems, increases the probability of the child dropping out of school, and obstructs health. Reducing child labour facilitates health and obstructs abuse, injuries and many types of health problems according to some studies. However, it is also reported to obstruct building of character, punctuality, discipline, income and welfare of households and facilitates increased poverty and vulnerability on the labour market. Furthermore, some studies write that through increased poverty, efforts to reduce child labour can paradoxically facilitate more child labour (Ranjan 1999; Basu and Zarghamee 2009) . This summary of contradicting reports points to problems of using child labour as a topic in SLCA due to its inverse Ushaped nature. A certain amount of child labour, corresponding maybe to a part-time or summer job, seems to be beneficial for building of character and learning discipline and punctuality. Little or no child labour may result in poverty in regions where neither parents nor society has sufficient financial resources to provide for the child. The distinction of child labour into the worst forms and other not so problematic or even beneficial forms, which was suggested by Dessy and Pallage (2005) , is not done in most SLCA literature. In accordance with Jørgensen et al. (2010) , we thus conclude that the mere incidence of child labour tells little about whether it is adverse or beneficial. A deep understanding of the social context of the child labour is needed in order to tell whether a specific type of child labour is beneficial or adverse. In addition, problems of loss of income from reduced child labour are not included in the SLCA literature, although they may be crucial for the child labourer and his or her family.
Property rights
Property rights in the SLCA literature
Property rights are law-enforced rules for how resources are owned and used. In the UNEP/SETAC guidelines, "respect of intellectual property rights" is a suggested subcategory for the stakeholder category value chain actors. The term "respect" indicates that intellectual property rights are considered to be beneficial from a social point of view. This subcategory was included in the studies by Ekener-Petersen and Finnveden (2013) . Jørgensen et al. (2008) mentioned "violation of property rights" as a social topic. Here as well, it seems that property rights are considered socially beneficial, but the reference is to property rights in general, and not to intellectual property rights specifically. Considering that the focus on intellectual property rights is not consistent throughout the whole SLCA literature, the focus of this study has been on property rights in general rather than on intellectual property rights only. Saint-Paul (2004) conducted economic modelling to analyse whether intellectual property rights can be regarded "fair" in terms of not afflicting the poor. He wrote that the poor may be adversely affected in the long run by stronger intellectual property rights due to lower innovation. However, he also recommended redistribution by taxes, rather than altered property rights, to address equity concerns. There are an additional number of studies that have discussed the influence of property rights on innovation. The economic model by Gangopadhyay and Mondal (2012) suggested that stronger intellectual property rights may discourage innovation due to the hindrance of flows of scientific knowledge. Hudson and Minea (2013) wrote that the relationship between intellectual property rights and innovation is complex, depending also on the economic growth of the country. Chen and Puttitanun (2005) developed an economic model for the influence of stronger intellectual property rights on innovation in socalled developing countries specifically and found a positive relationship. Chu et al. (2014) developed an economic model showing that the optimal level of intellectual property rights is dependent on the development of the country, with weak intellectual property rights facilitating imitation at an early stage of development, but stronger intellectual property rights encouraging domestic innovation at a later stage. Akiyama and Furukawa (2009) showed an inverse U-shaped relationship between intellectual property rights and innovation in socalled developing countries, implying an optimal level of intellectual property rights there.
Property rights in other scientific literature
Additional studies discussed the influence of property rights on so-called developing countries. Unruh (2002) wrote that the relationship between poverty and property rights in so-called developing countries is complex. Although there is much economic value in informal, undocumented property owned by the poor in so-called developing countries, particularly in land, such property has previously often been utilized by many individuals as a common, and a transfer of property rights to one or some individuals would deprive others the right to use the land. Galiani and Schargrodsky (2010) wrote that in Argentina, providing some households with property rights reduced their poverty compared to other households. Fergusson (2013) suggested that powerful landowners in rural developing countries may use weak property rights to impoverish peasants and make them work for low wages. Perrin (1999) wrote that stronger intellectual property rights may both improve or damage the agriculture of developing countries. The economic model by Lai and Qiu (2003) showed that if so-called developing countries adopt the same strong intellectual property rights as so-called developed countries, both would benefit. Another economic model by Dinopoulos and Segerstrom (2010) showed that strong intellectual property rights lead to permanent increase in technology transfer to socalled developing countries, along with increased employment in so-called developing countries and reduced wage gaps between so-called developed and developing countries.
The influence of property rights on economic growth is another popular theme in the literature. Economic modelling by Chu and Peng (2011) suggested that stronger intellectual property rights do lead to increased economic growth, but also to income inequality. Branstetter et al. (2011) showed that stronger intellectual property rights spurred industrial development of multinational enterprises in the USA. However, the economic modelling by Furukawa (2007) suggested the opposite, that stronger intellectual property rights are not increasing economic growth. Voigt and Gutmann (2013) wrote that the relationship between property rights and growth is complex but that property rights can cause increased economic growth provided that their enforcement is considered trustworthy by private actors. The study by Bose et al. (2012) suggested an inverse U shape relationship between property rights and economic growth. Stronger enforcement of property rights seems to increase economic growth to a certain point, at which growth begins to decline. This implies the existence of optimal property rights with regard to economic growth.
Several studies discuss whether property rights spur foreign direct investment in so-called developing countries. Foreign direct investment is the investment into production or business in a country by a company or individual from another country. Based on a study of strengthened property rights in Taiwan, Lo (2011) wrote that foreign direct investment was indeed increased. However, the economic model by Glass and Saggi (2002) suggested that intellectual property rights in socalled developing countries did not increase foreign direct investment. Mathew and Mukherjee (2014) conducted economic modelling showing that the relationship between intellectual property rights and foreign direct investment is complex, although they wrote that stronger property rights in a socalled developing country can cause reduced foreign direct investments.
Several studies relate property rights to spreading of green technology and management of natural resources. In a review study, Rai et al. (2014) concluded that weak property right can hinder the diffusion of low-carbon technologies, especially cutting-edge technologies. For more mature technologies, however, property rights had little effect. Adger and Luttrell (2000) wrote about the importance of property rights for wetland conservation. But, rather than advocating the typical private type property rights, they argue that wetland resources may be better managed as a common property. This discussion about natural resources, where private and common property rights are contrasted, is a theme in several studies. By quantitative modelling of deforestation and soil quality in Indonesia, Fernandez (2006) showed that private and common property rights may equal each other in terms of sustainable resource management. The economic modelling by McAfee and Miller (2012) rather indicated that property rights can be less efficient than commons for managing scarce, renewable resources.
Ending this section with two other interesting positions, Grossman (2005) argued that intellectual property rights are generally too strong. This is because people spend too much time guarding their ideas (i.e. intellectual property) from piracy, time which could otherwise have been spent on developing new ideas, thereby creating more value for society. Menon et al. (2014) studied a transfer of property rights to women in Vietnam. This transfer leads to decreased illness among children, increased health insurance, increased school enrolment, and reallocation of household expenditures towards food and away from alcohol and tobacco, which was more dominating when property was possessed by males. Perhaps then the strength of property rights is less important than which gender that holds them?
Discussion on property rights
In the SLCA literature, property rights are often stated as something beneficial that should be respected. A strong focus in the UNEP/SETAC guidelines is on intellectual property rights, whereas material property rights are not addressed. The non-SLCA scientific literature on property rights is more diverse. This may partly be because of the many different types of properties that exist, spanning from the very first documented property right, which is the purchase of the Cave of the Patriarchs by the biblical Abraham in the seventeenth century BCE (Rosenberg and Weiss 2012) , to more recently property rights on the Moon (von der Dunk et al. 2004) . Intellectual property and land are two frequently discussed types of properties in the non-SLCA scientific literature. A number of studies have investigated whether stronger property rights have a positive influence on fairness, innovation, economic growth, foreign direct investment, and the development of developing countries. For all these aspects, results are ambiguous, some suggesting a positive correlation with stronger property rights, some a negative correlation, and others inverse U shapes.
As summarized in Table 2 , increased property rights can facilitate innovation, agriculture of developing countries, developing countries in general, employment, economic growth, industrial development, and foreign direct investments. It can also obstruct poverty and wage gaps. However, increased property rights also obstruct poor people, innovation, flows of scientific knowledge, agriculture of developing countries, economic growth, foreign direct investments and management of renewable resources, and it also facilitates poverty and income inequality according to the reviewed non-SLCA studies. Reducing property rights facilitates development of countries, innovation and economic growth and obstructs poverty and low wages. However, it also facilitates poverty and obstructs innovation, economic growth and diffusion of low-carbon technologies. The ability of property rights to bring both beneficial and adverse developments makes it ambiguous as a topic for social indicators, and its current use in SLCA studies cannot be said to be fully scientifically justified.
Conclusions and recommendations
The SLCA literature seems to suggest that working hours and child labour are socially adverse for the stakeholder worker, but property rights socially beneficial for the stakeholder local community. However, when reviewing the non-SLCA scientific literature to investigate which effects working hours, child labour and property rights actually have on social entities, a more complex picture emerges. It is not so simple that these three topics can be categorized as socially beneficial or adverse for these stakeholders. Rather, there is support in the non-SLCA scientific literature, presented in Sects. 3-5, that the relationship between these topics and social entities is complex. Table 2 shows how these topics contribute to both socially beneficial and adverse developments, for both individuals and for society as a whole. Indeed, social topics can be positive or negative depending on the specific situation and on values (Dahl 2012) . This is contrary to the environmental impact categories in ELCA, where few books and articles on environmental science would suggest that, for example, emissions of greenhouse gas emissions and toxic substances are also beneficial for the environment. Note also that some influences of the topics on people or society are not captured in their contemporary use in SLCA. For example, contemporary use of working hours and child labour in SLCA does not consider problems related to loss of income. Although loss of income is partly captured in other subcategories in the UNEP/ SETAC guidelines, this still makes the subcategories working hours and child labour ambiguous.
This ambiguousness and complexity of the three reviewed topics make us question their current use in SLCA. We cannot see that there is complete scientific justification for the way these topics are currently used in the SLCA literature. Current uses of the three topics in SLCA even run the risk of appearing over-simplistic from a social science perspective. By extension, it raises concerns about the system of stakeholders, subcategories and indicators in current applications of SLCA in general.
We therefore recommend additional development of and discussions about topics for assessment and specific social indicators in SLCA. Such developments and discussions should be done in consideration of the scientific justification of the topics and indicators. Ideally, if the same analysis as shown in Table 2 was conducted for an optimal social topic or indicator, a less ambiguous result should emerge. If a topic defined as socially adverse is increased, it should preferably not result in any facilitation of beneficial values. Similarly, increasing beneficial topics should not facilitate any adverse social values.
In the same way as ELCA draws on the natural sciences, it would seem logic that SLCA would draw heavily on the social sciences. Some of the advantages of that could be a greater clarity in underlying assumptions about the social realm, along with richer descriptions of social topics. The non-SLCA scientific literature reviewed here is mainly from the fields of social science and economics, including development studies, ergonomics, anthropology, labour economics and development economics. We find it likely that the fields of social science and economics may contain additional valuable insights for the development social topics and indicators for SLCA. For example, Lehmann et al. (2011) sought inspiration and indicators from the field of social impact assessment (SIA) when assessing social impacts of water resource management and packaging waste management. An overview of how different fields of social science, including economic geography, management science and sociology, view product life cycles is presented by Boons et al. (2012) . Insights from such fields that also consider product life cycles may be of relevance to SLCA. The recently developed field of happiness studies, devoted to studies of the subjective well-being of humans, may also be relevant to consider (see for example the Journal of Happiness Studies and articles within).
Within development of impact assessment methods in ELCA, impact pathway is a central concept, for example in the articles on water use impact assessment by Milà i Canals et al. (2009) and Boulay et al. (2011) . Impact pathways connect the product life cycle to entities impacted or areas of protection. Jørgensen et al. (2010) attempted to construct impact pathways for child labour and well-being based on a number of social science sources. They found both topics to lack valid impact pathways. Their study illustrates the importance of constructing impact pathways as a basis for social impact assessment, since it requires the analyst to be specific about how the product life cycle impacts social entities via social topics. The social science literature described above may provide bases for such impact pathways. A clear connection to scientifically valid impact pathways can hopefully ensure that social topics and indicators are unambiguous and scientifically justified (see the schematic Fig. 1 for an  illustration) .
Note, however, that social topics are typically less clear-cut than environmental issues when it comes to determining what is a positive and what is a negative impact. The same indicator value could be considered as either beneficial or adverse depending on values and context. Depending on the knowledge perspective employed, even the understanding of what constitutes "objectivity" can differ greatly. Concepts such as cause-effect chains are related to the systems perspective and are contested by, for example, an interpretive social constructivist stance (Gorton 2010 ). Such differences in scientific perspectives must be considered when venturing into the fields of social science. For introductions to the differences in perspectives between the natural and social sciences, we recommend the electronic article by Gorton (2010) and the book chapter by Baumann (2009) .
We hope that these recommendations will provide inspiration for scientifically justified social topics and indicators in the SLCA field. Fig. 1 Schematic illustration of social impact pathways that connect the product life cycle to social entities impacted via social topics. Social topic A is ambiguous as it causes both adverse and beneficial impacts, whereas social topic B has an unambiguous impact pathway that leads exclusively to adverse or beneficial impacts (not both)
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